Background. Community based participatory research (CBPR) is often initiated by academic researchers, yet relies on meaningful community engagement and ownership to have lasting impact. Little is understood about how ownership shifts from academic to community partners. Objectives. We examined a CBPR project over its life course and asked: what does the evolution of ownership look like from project initiation by an academic (non-community) champion (T1); to maturation-when the intervention is ready to be deployed (T2); to independence-the time when the original champion steps aside (T3); and finally, to its maintenance-when the community has had an opportunity to function independently of the original academic champion (T4)? Methods. Using sociometric (whole network) social network analysis, knowledge leadership was measured using 'in-degree centrality'. Stakeholder network structure was measured using 'centralisation' and 'core-periphery analysis'. Friedman rank sum test was used to measure change in actor roles over time from T1 to T4. Results. Project stakeholder roles were observed to shift significantly (P < 0.005) from initiation (T1) to project maintenance (T4). Community stakeholders emerged into positions of knowledge leadership, while the roles of academic partners diminished in importance. The overall stakeholder network demonstrated a structural shift towards a core of densely interacting community stakeholders. Conclusion. This was the first study to use Social network analysis to document a shift in ownership from academic to community partners, indicating community self-determination over the research process. Further analysis of qualitative data will determine which participatory actions or strategies were responsible for this observed change.
Introduction
Participatory research is the co-creation of new action-oriented knowledge by researchers working in equitable partnerships with those affected by the issue under study or those who will benefit from or ultimately act on its results (1) . Although many PR projects are initiated by academic researchers (2), a central supposition of PR is that sustained action or change is founded on end-users of research products taking 'ownership' of the knowledge creation process (3) . These end-users could be, among others, communities, organisations, patients or health care practitioners. Ownership, in this sense, can be seen as the assertion of self-determination by enduser stakeholders who intend to improve their lives, health or practice through active involvement in creating the evidence they need for action, rather than being passive recipients or translators of evidence created by others (4, 5) . In order to foster self-determination, PR utilises strategies intended to shift ownership over the research process to the non-academic community stakeholder partners (6) . This includes the principal investigator adopting a decision-making structure that shifts the control from academic to non-academic partners over the course of the project.
A partnership can be seen as a network of stakeholders, each representing an individual interest within the project. Therefore, to observe these power dynamics at play within a communitybased participatory research (CBPR) partnership, this study took a social network approach to examining the knowledge leadership roles different stakeholders assumed throughout the evolution of a researcher-initiated project. What does the evolution of ownership look like within a CBPR project from the time it is initiated by an academic (non-community) champion (T1); to maturation-the end of program development when it is ready to be deployed (T2); to independence-the time when the original champion stepped aside (T3); and finally to its maintenance-when the network was functioning independently of the original project champion (T4)? Did the network change? If so: (i) Did it exhibit new structural qualities? (ii) Did new central actors emerge? And (iii) Was there significance to the changing roles of actors within the network?
Using an existing CBPR project as a case-the 'Kahnawake Schools Travel Planning (STP) Project', this study mapped the evolution of a researcher-stakeholder committee to determine its structure and paths of knowledge leadership at various points in the project. Paths of knowledge flow are associated with opinion leadership (7, 8) which serves as a useful measure of influence within a network (7) . The network was mapped at the four time points described above. Social Network analysis was used to determine changes in the roles of specific actors in the network and their possible influence on other members.
Methods

Context and setting
This study is part of the Kahnawake Schools Diabetes Prevention Project (KSDPP), a 23-year old CBPR partnership between the Kanien'kehá:ka (Mohawk) community of Kahnawake and academic researchers from three Canadian universities. (See online supplementary material for more details about KSDPP, its interventions and evaluation.)
The specific KSDPP intervention serving as our case study is the 'Kahnawake School Travel Planning (STP) Project'. The need to increase opportunities for active and safe routes to school had recently been identified in a school-based physical activity policy development process (9) . In 2011, a doctoral student and her academic supervisor approached KSDPP with the idea creating a 'walking school bus' intervention program (10, 11) . This idea was welcomed by the community as an opportunity to fulfil the previously identified school physical activity policy need. The STP project development commenced in January 2013 with the formation of a project committee representing the various interested academic and community stakeholders. Intervention planning was completed and the program was first deployed in the community in September 2014.
Social network analysis
This is a cross-sectional design social network study. A social network can be defined as connections among people, organisations or other social actors (7) . Although the individual attributes of these actors can help shape their social network, social network analysis (SNA) focuses rather on their relationships to understand how they can influence and constrain the behaviour (7) . Studying networks has led to greater understanding of how, among others, diseases, ideas and opinions spread; how people access social support; and who or what influences their health behaviour (12) . SNA has examined how health service organisations collaborate to share information, plan and deliver services (13) . Within CBPR it has been used to evaluate how community health workers share and use evidence (14) , examine interpersonal support networks (15) and issues of access and equity (16) . Fuller et al. (17) showed that SNA could serve as an effective and culturally acceptable approach within Indigenous communities: community members considered that the network analysis had accurately described the links between workers related to the exchange of clinical and cultural information, team care relationships, involvement in service management and planning and involvement in policy development (17) .
Please see supplementary material on the 'Family Practice' website for a full discussion of the SNA measures used in this study.
This study took a cross-sectional design, mapping the stakeholder network across four time periods to describe the change in individual in-degree centrality and network centralisation over time. Because CBPR aims to activate ownership and self-determination mechanisms over the course of a program, it was hypothesized that the network structure would evolve from one centred around the PI/champion, either to a decentralized one, characterised by diffuse, democratised decision-making, or to a new network structure centralized on a different set of key actors from within the community. Trend analysis explored network dynamics and determined significance of change. This is a sociometric study of the community/ academic stakeholder committee for the STP project. Sociometric, or 'whole network' studies, attempt to gather information from everyone within a bounded network, can capture network influences, and are appropriate for instances where the total network membership can be enumerated such as in schools, organisations or small communities (18) . This closed-membership committee was a whole network of community stakeholders representing the various interests in the STP project, including school administrators and teachers, parents, public safety and public works officials, along with KSDPP intervention facilitators and academic researchers from McGill University. In total, the network consists of 13 actors, representing the 11 final members of the STP-Committee, plus two other KSDPP individuals who continued in supporting roles but were only directly involved in the committee at the time the idea was initially being discussed.
Data collection
After individual informed consent, each actor in this network was administered a questionnaire covering four occasions in the life of the project. Project initiation (T1) was January 2013 (administered retrospectively in August 2014), maturation (T2) was August 2014, independence (T3) was September 2014 and maintenance (T4) was November 2014.
Network questionnaire
The network questionnaire consisted of a fixed list (roster) of all 13 members of the STP committee with a box next to each name in which respondents could write their rank number. The roster technique was appropriate as we were able to identify the total range of participants within the network beforehand, and can present such a roster to study participants as a means of eliciting their network responses (7). The retrospective item for baseline network relationships (T1), administered in August, 2014, read: 'Looking back to the beginning of the project, please rank the committee members in order of who you would turn to for information relating to the STP project at that time'. Participants were instructed to rank only those actors with whom they actually spoke to about the project at that time, and to leave the box blank if they had not spoken with the actor. No recall bias was anticipated due to the close nature of the network participants; respondents reported no difficulties in recalling baseline relationships. For all other sample points (T2, T3 and T4), participants were asked: 'From the provided list of names, please rank the committee members in the order of who you would turn to for information relating to the STP project'. At each time, the respondents were invited to include themselves in their rankings. Follow-up data collections took place in early September (T2), late September (T3) and December (T4) 2014.
Measures
Network mapping and descriptive analysis: Using UCINET 6 SNA software (© 2008 Analytic Technologies; http://www.analytictech. com), 'in-degree centrality' and 'network centralisation' were calculated. Freeman's in-degree centrality (asymmetric model) (19) was calculated for each network member, including diagonal values because ego (oneself) valuing ego as a knowledge source is significant. Response ranks were reverse transposed, so that highest ranking became the highest value for the calculation of tie strength. In-degree centrality is a binary indicator of whether an individual was nominated or not nominated, and does not include the rankorder in its calculation. However, because rank order can stand as a proxy for tie strength (7) we retained the top five nominations from each respondent, representing their five strongest nominations; and thus produced network maps that were demonstrably different for each sample time. Network 'centralisation' was calculated for each sample time. Centralisation is the extent to which the ties within a network are focussed on one or a few actors (7) . In a highly centralised network, only one or few actors hold positions of power and control, while decentralised networks are characterized by defused power and control structures. Network centralisation is related to individual centrality in that it is calculated on the difference between the maximum individual centrality score and all the others within the same network.
Description of subgroups and network core-periphery
The description and analysis of groups within a network are important for understanding its structure and how people work together, identify peers and share resources. In other words, groups provide the context in which network members interact (7) . The core-periphery structure of a network is the extent to which there exists a group of nodes which are densely connected to each other (the core) and a separate group of nodes only loosely connected to this core or to each other (20) . Core-periphery networks may exhibit fairly low centralisation because members of the core have similar centrality scores; yet these networks may still have considerable structure based on the separation between this core group of nodes and others less connected nodes (7, 20) . Using UCINET 6 SNA software, core periphery 'fit index' (20) , was calculated. The fit index is an indication of how well the network conforms to a core-periphery structure, indicating the extent to which a core exists.
Dynamic network analysis
Network evolution was examined by comparing the cross-sectional network maps generated from in-degree centrality scores at each sample time (T1 to T4). To assess longitudinal network dynamics, we measured the evolution of centrality and network centralisation from T1 to T4. Because a sociometric (whole network) sample violates the statistical assumption of independence, a non-parametric test was employed to examine whether there was change in indegree centrality measures for individuals across time T1 to T4. The Friedman rank sum test was used as a non-parametric statistical test similar to the parametric repeated measures ANOVA, to detect differences in treatments across multiple test attempts. It is a one-way repeated measures analysis of variance by ranks, and involves ranking each row (time sample) of individuals together, then considering the values of ranks by individuals within each row (21) . If actor roles do not change over time, then the ranks of individual actors based on their in-degree centrality measure should remain similar across time, although the total number of connections within the network could change over time. Linear regression analysis for network centralization over time was measured using the Cochran-Armitage linear trend test. This test is used in categorical data analysis to test for the presence of an association between variables across categories (22) . Network measures were calculated and graphs generated using UCINET 6.0 and analysed using R 2.12 (© The R Foundation; https://www.r-project.org) statistical software.
Results
Analysis assessed whether actor centrality, paths of information flow, as well as the overall structure of the network, including centralisation and core-periphery, had significantly changed over the course of the four samples.
All 13 STP committee members completed the four questionnaires. Trend test for network centralization over time found that there was no significant linear trend of overall centralization from T1 to T4 (P value = 0.63). However, the network became more centralised from project initiation to maturation (T1 = 33.53% [SD 10 .57]; T2 = 58.58% [SD 15.60]); then from maturation through independence and maintenance, the network became steadily less centralised as influence was seen to be shared among a number of community stakeholders (T3 = 34.37% [SD 11.87]; T4 = 29.17% [SD 10.14]). Table 1 reports individual centrality scores over time. Friedman Rank Sum test was employed to examine whether there was change in in-degree centrality measures for actors across time T1 to T4. Results indicate that there was significant overall change (Friedman chi-squared = 28.56, df = 12, P value < 0.005) in actors' roles over time. Figures 1 and 2 provide a graphic representation of the changes in actor roles over the four sample periods. Figures 3  and 4 provide a visual matrix of the core-periphery analysis, highlighting the actors present in the core class at each sample time.
At project initiation (T1), the academic PI/champion was the most central figure, with an in-degree centrality score (36.00) considerably above others in the network. As the project's initiator, the PI/champion was, by definition, the knowledge leader and most significant all names are pseudonyms]. Network centralisation was low at project initiation (33.53%); however, the high core-periphery fit index (0.795) points to significant structure to the network, indicating that knowledge leaders in the core class (PI-Susan; academic supervisor Hank; and community members Andrew, Joanne, Mike) formed a block of dense interaction with the ability to guide the direction of the entire network. At T1, this core class consisted of the PI/champion and her academic supervisor (Hank), as well as three key members of KSDPP, the host organisation (Andrew, Joanne, Mike), but not yet any members of other partnering community organisations. Once the project committee had worked for 18 months and was ready to deploy the intervention (project maturation-T2), knowledge leadership began to shift toward community stakeholders. At this point, the PI/champion was still involved in the project and playing a key leadership role as seen in her continued dominant centrality score (61.00). Note that the PI's higher centrality score here is due to the fact that a larger network of actors was nominating her at T2 than at T1. However, other academic stakeholders (Angela; Hank; Teresa) were beginning to fade in influence while certain community stakeholders (Andrew; Joanne; Karen; Alice) were emerging to take on knowledge leadership roles, including stakeholders form key partnering community organisations. At T2, the network became more centralised (58.58%), indicating an environment in which the emergent central community actors may have had increased influence over the course of project. The core-periphery fit index at T2 remains moderate (0.626), with a core class (PI-Susan; Andrew; Dave; Joanne; Karen; Mike) consisting of the PI/champion and community stakeholders, but no other academic (non-community) members. The T1 members of this class remained and were joined by two other community members seen as knowledge leaders by their peers at this point.
At T3 the project had reached the point of independence, with the PI/champion stepping aside as planned, once her PhD ended, and leaving deployment and management of the intervention program to the STP committee. At this point new knowledge leaders (Alice; Joanne; Karen; Mike) emerged to assume central roles vacated by the departing PI/champion. Each of these most central figures is a community stakeholder; although the PI/champion's academic supervisor (Hank) remains active in the network with moderate influence (13.00). Overall network centralisation at T3 (34.38%) has returned to a level similar to that at T1; however, core-periphery fit remains high (0.700), with a core class (Alice; Dave; Joanne; Karen; Mike) consisting of key community stakeholders.
Finally, at T4 and the point of project maintenance, the network appeared to be stable with the same community knowledge leaders (Alice; Joanne; Karen; Mike) occupying central positions in a network with about the same degree of centralisation (29.17%) as at T3. At this point the committee had had the opportunity to run the intervention at least once in the absence of the PI/champion and was continuing to meet both individually and as a group to maintain and manage the program. T4 core-periphery fit remained high (0.708) with a core class (Alice; Andrew; Hank; Joanne; Karen; Mike) dominated by community stakeholders. However, it is notable that one academic stakeholder (Hank) and one KSDPP (community) stakeholder (Andrew) remained as part of this core block. The KSDPP stakeholder in question (Andrew), although seen as a community leader, had taken only a supporting role in the development of this project, but his appearance here along with the original PI/champion's academic supervisor (Hank) may indicate a sentiment of needing ongoing support by those most directly involved in managing the intervention-particularly by members Alice and Karen who now are seen to champion the project at the two elementary schools. 
Discussion and conclusion
Social network analysis was able to describe the trajectory of ownership over time. At project maturation (T2), the PI/champion remained the most central actor. Yet the centrality scores of all other academic stakeholders had diminished, while those of key community stakeholders from KSDPP as well as key community partner organisations had increased. Measuring overall network centralisation was able to provide insight into the context in which these emergent community actors functioned. The network became more centralised from T1 (33.53%) to T2 (58.58%). Because the role of central actors is more influential within highly centralised networks (7), this may indicate that these emergent community actors have an opportunity to hold stronger knowledge leadership roles in the project. Coupled with the diminished academic centrality scores, this indicates a growth in self-determination through community ownership over the project. By project independence (T3) and maintenance (T4), once the original PI/champion had departed and the project was being sustainably implemented, community leaders are shown to have emerged and maintained their positions over time. This was taking place at T3 and T4 within a network structure that exhibited only moderate centralisation, indicating a more collaborative structure where, once the PI/champion had departed, leadership roles were spread among a group of actors with no clear overall central knowledge leader. Although the PI/champion's academic supervisor remained an active member of the network, his centrality score was significantly below those of the four key community actors, pointing to a maintenance of community ownership and self-determination over the course of the project.
Of the various dimensions of participatory conceptual models (4, 23) , the fundamental place of community ownership in creating and sustaining outcomes deserves particular attention. Cargo and Mercer (4) identified community self-determination, the ability of a group to determine their own future, as a principal goal or value that drives PR and lead researchers to take a partnered approach to knowledge creation. Self-determination has been a central topic in community health research since the 1980s as vulnerable populations have attempted to take control over their own health and the evidence, interventions, policies and programs that address it. This has been very evident in research involving Indigenous and minority groups (24) and other marginalised or underserved segments of society (25) .
Social network analysis was demonstrated to be an effective tool for describing the evolution of community ownership and self-determination within a participatory project. Results illustrate how these develop as the influence of key actors changes over time. Academic ownership over the project at its initiation (T1) was observed through the central role of the PI/champion at that time. Core-periphery analysis proved useful for providing deeper insight into how academic ownership functioned at this stage. Along with the PI/champion was a core class of stakeholders who were seen to hold knowledge leadership over the direction of the project. However, even within this core class, the PI/champion and her academic supervisor had individual centrality scores significantly above the three other stakeholders from the host/lead community organisation (KSDPP), indicating that despite interest and discussion within the community, academic stakeholders held initial ownership.
Limitations and future research
SNA was able to describe the evolution of a community-based network, but was unable to explain why it evolved. A further qualitative study asking the network participants to describe actions and strategies that led to the observed network change is described elsewhere (see companion paper in this special issue). Due to limitations in time and resources, this study was only able to measure project sustainability (T4 network measures) at a relatively short interval after the departure of the academic PI/champion. However, at the time of manuscript submission-14 months following T4 data, the intervention is still actively being implemented in the two elementary schools under the leadership of the same community stakeholders. We plan follow-up evaluation at a future date will assess the long-term sustainability of both the intervention and its community ownership.
Conclusion
Research 'on' the participatory process often focusses on the concepts, mechanisms and strategies to maintain engagement among community stakeholders in a way that creates sustained ownership over the research and action process (3, 6, 10, 23) . Findings from this study demonstrate the evolution of a participatory project from a state of academic ownership to one of sustained community ownership, and set the foundation for further research aimed at understanding PR processes that work to foster this change, particularly in cases where the research idea originates from outside the community.
Supplementary material
Supplementary data are available at Family Practice online.
